Specifications Table {#s0005}
====================

TableSubject areaMaterialsMore specific subject areaThermal Barrier Coatings, Residual Stress AnalysisType of dataFinite Element Analysis (FEA) ResultHow data was acquiredAbaqus CAE, ScanipData formatTIFFExperimental factorsSpecimen was treated at 1150 °C for 190 hExperimental featuresThe microstructure was observed by CT, the achieved image was meshed by Scanip and the residual stress distribution was analysed using FEA by Abaqus CAEData source locationManchester, United KingdomData accessibilityData is included with this article

**Value of the data** {#s0010}
=====================

•The FEA study of residual stress distribution in APS TBC is based on the real 3D microstructure observed by CT.•The slices from different positions in the 3D model show the residual stress distribution at the edge of the model as well as inside the model.•The residual stress along different paths can show the effect of the geometry of the interface between the top coat and the bond coat on the local stress distribution.

1. Data {#s0015}
=======

[Fig. 1](#f0005){ref-type="fig"} shows a slice from the 3D microstructure observed by CT; the global 3D microstructure can be found in the related paper [@bib1]. In this slice, top coat, bond coat, TGO and substrate can be distinguished. Some large pores and thick inner grown oxidation can also be observed from the slice.Fig. 1One slice from the 3D microstructure observed by CT, top coat, bond coat, TGO and substrate can be distinguished; some large pores and inner grown oxide can also be observed.Fig. 1

[Fig. 2](#f0010){ref-type="fig"}(a--d) show the residual stress distribution of the slices inside and the edge of the 3D model, the position of the slices in the 3D models are shown in [Fig. 1](#f0005){ref-type="fig"}e. The largest force residual of all the nodes in the model is 2.14×10^−12^ N.Fig. 2Contour plots of the modelled stress distributions in the top coat of the TBC as a function of position as shown. Plots a--c are inside the 3D model and plot d is on the surface.Fig. 2

[Fig. 3](#f0015){ref-type="fig"} shows the stress distribution along different paths. Three kinds of residual stress distribution can be observed. The first kind of trend is where the residual stress is compressive, first increasing from the surface to the interface, decreasing a little and then increasing again to the interface. A "jump" feature can be observed about 100--150 μm away from the interface, as shown in [Fig. 3](#f0015){ref-type="fig"}(a). The second kind of trend is where the residual stress increases from the surface to the interface; the third kind is where the residual stress first decreases, then becomes tensile and increases to the interface. These two kinds of residual stress trends are shown in [Fig. 3](#f0015){ref-type="fig"}(b). The summation of the last two kinds of trend is shown in [Fig. 3](#f0015){ref-type="fig"}(c). This is similar to the first kind where a "jump" feature can be observed near the interface.Fig. 3Shows stress distributions calculated along the paths shown in [Fig. 1](#f0005){ref-type="fig"}. (a) shows the stress distributions along outside2, outside4, inside4 and inside10, (b) shows outside1, outside3, outside5, inside1, inside2, inside3, inside6, inside8 and inside9, (c) shows the stress distribution along inside2 and inside8 and the summation of those two stress distributions which is similar to the stress distribution in a.Fig. 3

2. Experimental design, materials and methods {#s0020}
=============================================

The samples were fabricated at the University West [@bib2], [@bib3]. The 7--8 wt% yttria stabilized zirconia (YSZ) top coat and the NiCoCrAlY bond coat were fabricated by APS and the thickness of the top coat and the bond coat was 250 μm and 150 μm, respectively. The substrate was Hastelloy X [@bib4]. The APS TBC is cut into 10 mm×10 mm×\~5.5 mm and then heat treated at 1150 °C for 190 h. The microstructure of the APS TBC was observed by CT at the Henry Mosley X-Ray Image Facility (HMXIF) using a Zeiss Xradia versa 520 X-Ray microscope. The measured 3D image was then segmented, and meshed using Scanip. The details of the CT operating parameters, the image processing procedure and the FEA model parameters can be found in the related paper [@bib1]. The mechanical properties of different parts in the model is also shown in the related paper [@bib1]. The image based model was then imported into Abaqus CAE and solved.

Transparency document. Supplementary material {#s0030}
=============================================

Supplementary material.
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